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I. INTRODUC TLON

In a recent paper, Huang and Vincent (1985)
presented a diagnosis of the zonal and eddy
energy conversions in the Southern Hemisphere
during the early part of FGGE SOoP-1, namely
10-27 January 1979. They found that wave number
4 was tied to the three continents and to the
South Pacific Convergence Zone (SPCZ) in the
tropics and that the SPCZ region made a signifi-
cant contribution to the baroclinic conversion,
CE, from eddy available potential to eddy kin-
etic energy, They also found that wave numbe rs
6-7 dominated each of the energy conversions in
middle latitudes. Moreover, transient waves
were responsible for nearly all of the total by
each conversion term in middle latitudes, where-
as the standing eddy contribution accounted for
most of the CE-conversion in the tropics. The
present study utilizes the same methodology
applied by Huang and Vincent in the Southern
Hemisphere to diagnose the energetics of the
Northern Hemisphere for the same period. Of
particular interest is a comparison of the tropi-
cal and extratropical energy conversions between
the two hemispheres. It should be noted that
Price (1975) made a comparison of the energy
contents between the two hemispheres for a one-
year perind., More will be said later regarding
his work.

The methodology consists of partitioning
the energy contents and conversions into zonal
and eddy componeat equations using three estab-
lished formats: (1) mixed space-time domain
(Oort, 1964) to differentiate between contribu-
tions by the mean state and transient and stand-
ing eddies; (2) space domain (Breunan and
Vincent, 1980) to investigate daily variations;
and (3) spectral domain (Saltzman, 1957; 1970)
to examine the significance of specific waves to
the total energy for wave numbers 1-15,

A detailed description of the data sources
and computational procedures used in this paper
appears in Vincent (1982) and Huang and Vincent
(1985) and is not reiterated here. In summary,
the primary data source is a modified set of
upper air Level ILI-b analyses, originally pro-
duced by ECMWF., The data consists of grid point
values of mean sea level pressure and horizontal
wind components, geopotential height, tempera-
ture and vertical p-velocity at mandatory pres-
sure levels from 1000-100 mb, all at increments
of 5° lat/lon., Two of these variables (T, v.)
were initialized in the original ECMWF data set.
We recomputed each; the temperature hydrostati-
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cally from the height field and the vertical
motion kinematically from the wind field making
use of an 0'Brien (1970) adjustment scheme.
Thus, all variables used in this study are based
on analyzed variables.

2. RESULTS AND DISCUSSION

In our previous studies we have shown that
the SPCZ is a quasi-stationary persistent fea-
ture of the Southern Hemisphere circulation dur-
ing the period 10-24 January 1979. Evidence of
this fact is given in Fig. 1 which depicts the
time-averaged outgoing longwave radiation (OLR)
for that period. Values of OLR were derived
from NOAA polar-orbiting satellites and were
supplied to us by NESDIS/NOAA. Detailed explana-
tions concerning these radiation measurements
can be found in Gruber and Winston (1978) and
Winston et al. (1979). 1In Fig. 1, OLR values
< 225 Wm—Z at lower latitudes have been shaded
since they most likely contain deep convective
activity a large percentage of the time
(Heddinghaus and Krueger, 1981). It is clear
that one of the dominant cloud bands occurs in
conjunction with the SPCZ. The other prominent
area of convective activity exteads from South
America to the eastern part of the South
Atlantic. The latter phenomenon, which has been
referred to as the South Atlantic Convergence
Zone (SACZ), is discussed by Huang and Vincent
in a paper found elsewhere in this preprint
volume. 1In that paper, the focus is on
comparing the energetics between ECMWF and GLA
analyses, as well as assessing the role of the
SPCZ and SACZ in the general circulation of the
Southern Hemisphere. The present paper focuses
on an examination of the energetics in specific
latitude belts, i.e., the tropics and
extratropics of the Northern and Southern
Hemispheres,

Figure 2 shows the time-averaged mixed
space-time domain results for the energy con-
tents and conversions for the Northera Hemis-

phere (60°N-0°), Southern Hemisphere (0°-60°S),
and the tropical (30°-0°) and mid-latitude
(60°-30°) sectors of each hemisphere. Several
points are worth noting. All of the contents
and the CA and CE conversions are greater in the
Northern Hemisphere than in the Southern Hemis-
phere. This is not too surprising since the
time period occurs in the middle of northern
winter. The eddy portion of the energy cycle is
the same in both hemispheres with a conversion
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Fig. 1.

tropics are shaded to represcnt

of AZ *AE KE*KZ. In geueral the transient eddy
contributions to contents and conversions are
greater than the standing eddy contributions,
but not significantly greater. Within the sub-
regions it is scen that the tropical sector of
each hemisphere (s considerably less active
(energetically) than the middle latitude sectors,
Again, this is not too surprising. However, one
significant feature of the encrgy cycle is the
importance of the standing eddy component of CE
in the Southern Hemisphere tropics. This fea-
ture was eluded to the Introduction and is
one of the main topics of discussion by Huang
and Vincent (1985). They fouad that when the
SPCZ (which was a quasi~stationary feature of
the circulation) was convectively active during
the 10-24 January period, the conversion of AE
to KE was very strong. After 24 January, when
the SPCZ weakened and decayed, the CE conver—
sion, both in the SPCZ area and in the total
0-30°S belt, decreased substantially. Further-
more, wave number 4 was dominant in the tropical
belt when the SPCZ was active. Our analysis
shows no counterpart of this wave activity in
the Northern Hemisphere tropics during the
period., 1t is interesting to note that Price
(1975) fouud wave number 4 made an important
contributiosn to the eddy kinetic and potential
energy contents of the Southern Hemisphere for a
one-year period beginning May 1972.

in

It is obvious in Fig. 2 that the most ener-
getically active regions are in middle lati-
tudes, particularly in the Northern Hemisphere,
The energy cycle in northern winter is dominated
by a conversion of AZ to AE and AE to KE. In
these coaversions, both transient and standing
eddies are important. One of the more surpris-
ing aspects of the cycle is the small value of
CK, which shows a weak transport of momentum
down the wind gradient., The normal situation in
northern winter is for a much stronger conver-
sion of KZ to KE in mid-latitudes. 1In the South-
ern Hemisphere mid-latitudes, none of the energy

Time-averaged outgoing longwave radiation for 10-24 January 1979.
regions which most likely contain deep convective

225 Wm—z

systoems.

Areas with OLR in

conversions are negligible and the transient
wave effects dominate the eddy conversions., A
detailed discussion of this region's encr-
getics is found in Huang and Vincent (1985).

more

Since CA and CE in the extratropical
regions are the most significant energy conver-—
stons, the rcmainder of the paper focuses on
these two quantities. Figure 3 shows a time
series of CA and CE, derived from space domain
equations, for 60°~30°N and 30°-60°S. In gener-
al, the trend of CA is the same as that of CE in
both hemispheres, In addition, the magnitudes
are comparable. This implies that the two con-
versions are taking place nearly simultaneously,
that sensible heat is being transported hori-
zontally from warm regions to cold regions and,
on the same time scale, the warmer air is rising
while the colder air is sinking. As noted

the intensity of this circulation is
in the Northern Hemisphere.

1s,

earlier,
greater

The spectral encrgy diagnosis performed by
Huang and Vincent (1985) for the Southern Hemis-
phere mid-latitudes showed that all.of the eddy
energy conversion terms had a peak in wave num-
bers 6 and 7. Their graphs of CA and CE ar:
reproduced in Fig. 4, together with similar
graphs for the Northern Hemisphere. It is secn
that, as for the day-to-day changes, plots of
the two conversions in wave number domain are
similar. In the Northern Hemisphere, the maxi-
mum value of CA and CE occurs at n=2, There
also is an important contribution to the energy
spectrum at intermediate wavelengths, with a
peak at n=7. Thus, in both hemispheres tﬁe lar-
ger synoptic-scale (Rossby) waves are in impor~
tant in the AZ-AE-KE counversion, However, in
the Northern llemisphere the long waves make the
most significant contribution to this conversion
cycle, whereas in the Southern Hemisphere the
intermediate waves dominate.



ENERGY CONTENTS (10°Jm™®)
ENERGY CONVERSIONS (W)
10-24 JANUARY 1979

LEGEND
- CAT
AET AZ
AES |TCAS
CET! |CES cZ
CK
KET S K7
KES |~ CKT
60N -0 0-60S
14 )
26 4 15 or 7
45 T 10 Q3
A
L8] 109 03 08| |06 1l
Y
43 |03 | a | 02 -
32 703 16 0g >
60-30N 30-60S
33 /
49 4 26 20 P
85 " 36 12 04
]
34 |26 0.2 1.7] {02 1.2
y y
Ql Ol
7l a 48 <
45 Ol 16 09
30N-0 0-30S
07 10 5 05 100
2 02 09 I 00
QQl |od 0.7 Qll |09 02
A
22 102 15 100
8 |
2.3 05 ) 15 00
Fig. 2. Time~averaged energy contents and con-

versions from space~time domain equations
for 10-24 January 1979. Transient and
standing eddy contributions are indicated
by T and S.
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CE, as a function of zonal wave number
for middle latitudes of each hemisphere
for 10-24 January 1979.
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